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dosed using an osmotic mini-pump for 66 days with vehi- 
cle (n=13) or with doxycycline at doses of 0.6 (n=8) and 3.0 
mg/kg/day (n=9). Fat-suppressed 3D gradient-echo MRI of the 
left knee was acquired under anaesthesia pre- and post-dosing 
at 4.7T (Varian, TR=75ms, TE=2.7ms, flip angle=30 °, matrix 
512 × 192 ×96). Change in MTP cartilage volume was determined 
using manual segmentation by a single observer blinded to dose. 
At study termination, MTP cartilage was removed from both 
knees of each animal and frozen at -80°C. MMP activity was 
extracted from the cartilage, (using 0.5M NaCI, 25mM Tris-HCI, 
pH7.5) and proteolytic activity determined with and without APMA 
activation using fluorescent peptide substrate kits (R&D Sys- 
tems). 
Results: The vehicle group animals lost 20.1 4- 2.4% (mean 4- 
sem) of their MTP cartilage volume. The doxycycline (0.6mg/kg/ 
day) group lost 7.5 4- 5.3% (P < 0.05, two-sided t-test) whilst the 
3.0mg/kg/day group lost 11.7 4- 1.4%, (P < 0.02). Endogenous 
levels of active MMPs were below limits of detection. However, 
doxycycline treatment otally ablated APMA activated MMP13 
and MMP8 levels, reduced MMP9 levels by 65%, but had mini- 
mal effect on MMP1 (17% reduction). 
Conclusions: Exposure of guinea pigs at risk of developing OA- 
like cartilage lesions, to doxycycline, resulted in ~50% ameliora- 
tion of MTP cartilage volume loss as compared to vehicle con- 
trols. Protection from cartilage volume loss was associated with 
a complete reduction in MMP13 and MMP8, and a partial reduc- 
tion in MMP9 activity. Since MMP inhibitors are known to be ef- 
fective in this animal model the data supports that doxycycline 
exerts its affect though diminishing of MMP activity. However, the 
disconnect between complete reduction in MMP 13 and 8 activ- 
ity, and partial MTP cartilage loss suggests that additional bio- 
logical/mechanical mechanisms are important in this model. The 
protective ffect of doxycycline on MTP cartilage at risk for lesion 
generation correlates with the clinical data on reduction of joint 
space narrowing in the index knee and strengthens the hypoth- 
esis that MRI may be useful in the clinic for assessing cartilage 
destruction. 
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AUTOMATIC CARTILAGE THICKNESS QUANTIFICATION 
FROM KNEE MRI 
EB Dam 1,2, J Folkesson 1 , PC Pettersen 2, C Christiansen 2
1 Image Analysis Group, IT University, Copenhagen, Denmark; 
2Center for Clinical and Basic Research, Ballerup, Denmark 
Objective: For clinical studies, the current golden standard for 
monitoring cartilage thinning during osteoarthritis (OA) is x-ray 
joint gap measurement. We introduce an alternative method for 
automatic quantification of the thickness of articular cartilage 
from magnetic resonance imaging (MRI) of knees. In this study, 
the method is evaluated for inter-scan reproducibility and for abil- 
ity to separate healthy knees from knees with OA. 
Materials and Methods: We studied 114 knee MRI of which 51 
were from healthy knees and 63 from knees showing OA (a score 
of 1 or higher on the Kellgren and Lawrence (KL) index deter- 
mined from x-rays) of which 28 are KL=I. The subjects were 22- 
79 years old with 59% females. Both left and right knees were 
used. The scans were acquired from an Esaote C-Span low-field 
0.18 T scanner performing a Turbo 3D T1 sequence with an aver- 
age sagittal slice thickness of 0.81 mm. We focus on the medial 
compartment of the tibial cartilage. 
An automatic omputer method was designed that performs the 
thickness quantification in two steps. First, the cartilage is seg- 
mented using voxel classification based on supervised learning. 
Secondly, a shape model is fitted to the binary segmentation from 
the first step. Both steps are trained on a set of 25 scans not in- 
cluded in the evaluation set. From the shape model, a thickness 
map is extracted and the mean thickness is computed (which we 
just denote thickness). The computational method is entirely au- 
tomatic. 
Results: We evaluated inter-scan reproducibility of the method 
from 31 scans repeated a week after the first scan. The corre- 
lation coefficient between measurements performed on first and 
second scan is 0.76 (p < 0.0001) (Fig. 1). We also evaluated 
whether the thickness quantification allows separation of OA and 
healthy knees. When normalizing the thickness quantification by 
the width of the tibial plateau, the healthy knees are significantly 
thicker than OA knees - as determined by a t-test giving a p-value 
of 0.0095 (Fig. 2). 
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Conclusion: We demonstrate an automatic method for knee car- 
tilage thickness quantification from MRI. The evaluation shows 
that the quantification is highly reproducible and that the thick- 
ness measure can separate OA from healthy knees. Thereby the 
method may be suitable for monitoring the effects of potential OA 
treatments with respect to preventing cartilage thinning during 
clinical studies. 
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A non-invasive technique, delayed Gadolinium Enhanched Mag- 
netic Resonance Imaging of Cartilage (dGEMRIC), enables us 
Osteoarthritis and Cartilage Vol. 13, Supplement A $117 
to study the GAGs, involved in cartilage biomechanical proper- 
ties. 
To study the relationship between exogenous risk factors and 
knee OA development we monitor knee cartilage GAG content, 
BMI and knee extensor strength in meniscectomized patients. 
45 subjects, arthroscopically medially meniscectomized at age of 
35-45, were included. Cartilage showed mild surface lesions in 
19, and minor localized full thickness lesion in 4 subjects. Sub- 
jects with severe changes or cruciate ligament injury were ex- 
cluded. 
MRI was performed by a standard 1.5 T system approximately 
2 hours after injection of Gd-DTPA 2 -at 0.3 mmol/kg. To optimize 
distribution into the joint, subjects exercised for fifteen minutes 
after injection. 
Sets of six sagittal turbo inversion recovery images with different 
inversion times were acquired. A region of interest (ROI) was po- 
sitioned in a centrally slice in the weight bearing cartilage of the 
medial femoral condyle. Quantitative T1 (Gd) relaxation time calcu- 
lations were performed using the mean signal intensity from each 
ROI as input to a three-parameter fit. 
Isokinetic muscle strength (Nm) were calculated in percentage of 
body weight (Biodex®). Pain was assessed by VAS and weight 
and length were measured to calculate BMI. 
Using bivariate and multivariate regression analyses, the muscle 
strength values, BMI and pain scores were correlated toTl(Gad). 
There were no differences between men and women in age, 
BMI, strength or pain score. Mean BMI was 26.5. Tl(Gad) was 
3554-65ms and not related to gender, age or time from menis- 
cectomy. 
T1 (Gad) correlated with knee extensor strength (r2=0.20, p=0.002) 
but not with pain ([2=0.07, p=0.072). There was a negative corre- 
lation between T1Gad and BMI (r2= -0.23, p=0.001). 
In the multivariate analyses, a higher BMI predicted lower GAG 
content, while higher strength and better pain score predicted 
higher GAG content. 
In a previous study, T1 (Gad) in healthy volunteers was 15% longer 
than in the diseased compartment in the present subjects sug- 
gesting higher GAG content in healthy cartilage. In agreement, 
dGEMRIC has shown loss of GAG in patients with hip dysplasia 
and arthroscopical knee cartilage changes. In the hip dysplasia 
study, the T1 (Gad) was related to the patients pain score. We find 
such a trend. 
Reduced knee extensor strength has shown to precede x-ray 
knee OA. Exercise relieves OA symptoms. Interestingly, exercis- 
ing healthy subjects have the higher Tl(Gad). Exercise has the 
potential to increase the cartilage GAG content. 
The present study indicates that OA risk factors menisectomy, re- 
duced knee extensor strength and overweight are related to a de- 
creased GAG content. The cross-sectional design does not allow 
conclusions about causality, however, it is tempting to speculate 
that inactivity causes lower GAG content with impaired capacity 
to resists load. Iterated excessive load may then cause molecular 
damage and degradative processes. 
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Aim: Interest in the relationship between subchondral bone and 
cartilage degradation in osteoarthritis (OA) has been stimulated 
by recent observations that pain and progression of cartilage le- 
sions are associated with bone marrow edema. This study re- 
ports observations of bone marrow edema and perfusion in sub- 
chondral bone in Dunkin-Hartley guinea pigs using novel MR 
imaging and software applications. 
Methods: The Dunkin-Hartley guinea pig displays increased sub- 
chondral bone thickness and increasing histologic histochemical 
scores in the medial tibiofemoral compartment by 12-15 months 
of age. Guinea pigs were studied at 6, 9, 12, and 15 months 
of age. The progression of cartilage lesions was quantitated by 
histological-histochemical scores of Mankin. Alterations in tra- 
becular remodeling and subchondral bone thickness were quan- 
titated by micro CT scan. Gadolinium (Gd) enhanced magnetic 
resonance imaging (MRI) was performed on a 3.0 Tesla GE MRI 
scanner. MRI scans used for analysis were 1.STIR for edema 
visualization and 2. a fast multiplane spoiled gradient echo for 
blood flow analysis. Perfusion data was analyzed using a previ- 
ously published in house software based on the two compartment 
model of Brix. Bone marrow edema was assessed by voxel inten- 
sity and by T2 maps. 
Results: Mankin scores and subchondral plate thickening occur 
between 9-12 months of age. A decrease in perfusion of the me- 
dial tibial plateau was seen between 6 & 9 mos (Fig. 1). Time in- 
tensity curves display a delay in Gd clearance, reflecting outflow 
obstruction and decreased perfusion, at 15 months of age after 
the onset of OA (Fig. 2). The magnitude of the change is approx- 
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